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GENERATING TRAINING DATA FOR
DISAMBIGUATION

FOREIGN PRIORITY

This application claims priority to Japanese Patent Appli-
cation No. 2014-166695, filed Aug. 19, 2014, and all the
benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND

The present invention relates to a technique for automati-
cally generating training data for disambiguation of a word
or word string (hereinafter referred to as “entity”) related to
a topic to be analyzed.

Analyzing users’ voices on major spots (e.g., sightseeing
spots) of a city and on an event (e.g., motor show) is
important for the local government and the event organizer
in understanding reputations of, and needs for, the city and
the event. To collect users’ voices for analysis, the use of
social media has been considered in recent years. A social
media tool, particularly microblogging, has more imme-
diacy than traditional blogging. Therefore, what users feel
on event sites and sightseeing spots is expected to be more
directly reflected in social media messages.

Messages related to a topic (e.g., city or event) to be
analyzed can be collected from social media sites by pre-
defining a set of entities related to the topic and extracting
messages including at least one entity contained in the set.
However, if any of the entities has ambiguity, the messages
collected by the method described above may include those
unrelated to the topic. Therefore, it is necessary to disam-
biguate the entity and eliminate messages unrelated to the
topic.

Many of conventional semantic disambiguation algo-
rithms have been based on supervised learning using a
tagged corpus (see, e.g., A. Davis, et al., “Named Entity
Disambiguation in Streaming Data.” Proceedings of the 50th
Annual Meeting of the Association for Computational Lin-
guistics: Long Papers-Volume 1. Association for Computa-
tional Linguistics, 2012). In the example described above,
the tagged corpus or training data is a set of messages in
which each entity is assigned a binary label indicating
whether the entity is related to the topic to be analyzed.
However, in social media where various topics are created
every day, it is not realistic to manually generate training
data. It is thus necessary to develop a technique for auto-
matically acquiring training data for disambiguation.

The publications D. Spina, et al., “Discovering Filter
Keywords for Company Name Disambiguation in Twitter.”
Expert Systems with Applications 40.12 (2013): 4986-5003
and 7. Miklos, et al., “Entity-based classification of twitter
messages.” International Journal of Computer Science &
Applications 9. EPFL-ARTICLE-174746 (2012): 88-115,
disclose techniques for automatically acquire such training
data. Specifically, the techniques disclosed in these publi-
cations use company websites and Wikipedia to acquire
training data for disambiguation of ambiguous company
names.

The publication of E. L. Murnane, et al.,, “RESLVE:
leveraging user interest to improve entity disambiguation on
short text.” Proceedings of the 22nd international conference
on World Wide Web companion. International World Wide
Web Conferences Steering Committee, 2013, discloses a
technique in which, for users who write articles for Wiki-
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pedia, an interest model is built to disambiguate entities
included in messages sent via social media by the users.

Japanese Patent Application Publication No. 2003-22275
discloses a technique in which, upon receipt of a user’s
search request including a search term and a user’s selection
of a field that matches a search purpose, a document search
is performed by referring to a field-specific co-occurrence
term DB and adding one or more co-occurrence terms.

Japanese Patent Application Publication No. 2014-
002653 discloses a technique in which morphemes acquired
within a predetermined period are extracted as co-occur-
rence terms to identify, as a co-occurrence term, a morpheme
that occurs in the same document as a search keyword.

Japanese Patent Application Publication No. 2014-
032536 discloses a technique that extracts a document
including a default topic tag from a plurality of documents,
calculates a frequency of occurrence of a word in the
extracted document, and extracts a document related to a
topic from documents other than the document including the
default topic tag by using the calculated frequency of
occurrence.

The techniques disclosed in Spina, et al., Miklos, et al.,
and Murnane, et al. use external knowledge, such as Wiki-
pedia. This means that these techniques are highly depen-
dent on the extensiveness of the external knowledge. How-
ever, it is true that even Wikipedia, which is expected to
serve as one of the most extensive knowledge sources,
cannot fully cover information about entities which are
generally unknown, and that it is not always easy to deal
with the diversity of topics discussed in social media.

The technique disclosed in Japanese Patent Application
Publication No. 2003-22275 registers a document that has
been used or is determined to be usable, and extracts
co-occurrence terms from the registered document. How-
ever, to allow the extracted co-occurrence terms to effec-
tively function as training data for disambiguation, it is
essential to register an associated field together with the
document. This involves manual work and is costly. More-
over, the document that has been used often cannot fully
cover information about entities which are generally
unknown.

In the technique disclosed in Japanese Patent Application
Publication No. 2014-002653, a morpheme that occurs in
the same document as a search keyword is identified as a
co-occurrence term. However, the search keyword is not
always used in the sense intended in the document. There-
fore, even if a morpheme occurring in the same document as
the search keyword is extracted as a co-occurrence term, the
extracted morpheme may not function as training data for
disambiguation of the search keyword.

The technique disclosed in Japanese Patent Application
Publication No. 2014-032536 uses the frequency of occur-
rence of a word in a document which includes a default topic
tag indicating a topic, to extract a document related to the
topic. However, for example, if the document includes only
one default topic tag, the document may not necessarily be
a document on the topic. This is more so if the only default
topic tag included in the document has ambiguity. Therefore,
a word that frequently occurs in a document including a
default topic tag indicating a topic cannot be used as training
data for disambiguation.

SUMMARY

In one aspect, a method for generating training data for
disambiguation of an entity comprising a word or word
string related to a topic to be analyzed includes acquiring, by
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a processor, sent messages each including at least one entity
contained in a set of entities; organizing the acquired mes-
sages by user who is a message sender and acquiring sets of
messages, the sets each containing messages sent by each
user; identifying, from the acquired sets of messages orga-
nized by user, a set of messages including different entities
contained in the set of entities, the different entities being
greater than or equal to a first threshold value (positive
integer greater than one) in number, and identifying a user
corresponding to the identified set of messages as a hot user;
receiving an instruction indicating an object entity to be
disambiguated, the object entity being contained in the set of
entities; determining a likelihood of co-occurrence of each
keyword and the object entity in sets of messages sent by hot
users, the keyword being included in messages each includ-
ing the object entity, the messages being acquired; and
determining training data for the object entity on the basis of
the likelihood of co-occurrence of each keyword and the
object entity in the sets of messages sent by the hot users.

In another aspect, a nontransitory, computer readable
storage medium having computer readable instruction stored
thereon that, when executed by a computer, implement
method for generating training data for disambiguation of an
entity comprising a word or word string related to a topic to
be analyzed, the method including: acquiring, by a proces-
sor, sent messages each including at least one entity con-
tained in a set of entities; organizing the acquired messages
by user who is a message sender and acquiring sets of
messages, the sets each containing messages sent by each
user; identifying, from the acquired sets of messages orga-
nized by user, a set of messages including different entities
contained in the set of entities, the different entities being
greater than or equal to a first threshold value comprising a
positive integer greater than one in number, and identifying
a user corresponding to the identified set of messages as a
hot user; receiving an instruction indicating an object entity
to be disambiguated, the object entity being contained in the
set of entities; determining a likelihood of co-occurrence of
each keyword and the object entity in sets of messages sent
by hot users, the keyword being included in messages each
including the object entity, the messages being acquired; and
determining training data for the object entity on the basis of
the likelihood of co-occurrence of each keyword and the
object entity in the sets of messages sent by the hot users.

In another aspect, a system for generating training data for
disambiguation of an entity comprising a word or word
string related to a topic to be analyzed, includes a processing
device configured to: acquire sent messages, each including
at least one entity contained in a set of entities; organize the
acquired messages by user who is a message sender and
acquiring sets of messages, the sets each containing mes-
sages sent by each user; identity, from the acquired sets of
messages organized by user, a set of messages including
different entities contained in the set of entities, the different
entities being greater than or equal to a first threshold value
comprising a positive integer greater than one in number,
and identify a user corresponding to the identified set of
messages as a hot user; receive an instruction indicating an
object entity to be disambiguated, the object entity being
contained in the set of entities; determine a likelihood of
co-occurrence of each keyword and the object entity in sets
of messages sent by hot users, the keyword being included
in messages each including the object entity, the messages
being acquired; and determine training data for the object
entity on the basis of the likelihood of co-occurrence of each
keyword and the object entity in the sets of messages sent by
the hot users.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a hardware configuration of an infor-
mation processing apparatus suitable for implementing a
training data generating system according to an embodi-
ment.

FIG. 2 is a functional block diagram of the training data
generating system according to the embodiment.

FIG. 3(a) is a diagram explaining the meanings of values
necessary for calculating a P/N score indicating the likeli-
hood of co-occurrence of an entity and a keyword.

FIG. 3(b) is another diagram explaining the meanings of
values necessary for calculating a P/N score indicating the
likelihood of co-occurrence of an entity and a keyword.

FIG. 4 is a flowchart illustrating a flow of training data
generation according to the embodiment.

FIG. 5 is a flowchart illustrating a flow of operation S408
in the flowchart of FIG. 4.

FIG. 6 is a table showing a P/N score for each keyword
when Tokyo motor show 2013 is used as a topic to be
analyzed.

DETAILED DESCRIPTION

Embodiments of the present invention have been made in
view of the problems in the conventional techniques
described above. An object of the present invention is to
provide a method, system, and program for generating
training data for disambiguation of entities. The method,
system, and program to be provided are applicable to
messages sent via media, such as social media, where
various topics are created every day, and require no external
knowledge.

Embodiments of the present invention provide a method
having the following features to solve the problems of the
conventional techniques described above. The method is for
generating training data for disambiguation of an entity. The
method for generating training data according to the present
invention is performed by a computer and includes (a)
acquiring sent messages each including at least one entity
contained in a set of entities; (b) organizing the acquired
messages by user who is a message sender and acquiring sets
of messages, the sets each containing messages sent by each
user; (c) identifying, from the acquired sets of messages
organized by user, a set of messages including different
entities contained in the set of entities, the different entities
being greater than or equal to a first threshold value (positive
integer greater than one) in number, and identifying a user
corresponding to the identified set of messages as a hot user;
(d) receiving an instruction indicating an entity to be dis-
ambiguated (hereinafter referred to as “object entity”), the
object entity being contained in the set of entities; (e)
determining a likelihood of co-occurrence of each keyword
and the object entity in sets of messages sent by hot users,
the keyword being included in messages each including the
object entity, the messages being acquired in (a); and (f)
determining training data for the object entity on the basis of
the likelihood of co-occurrence of each keyword and the
object entity in the sets of messages sent by the hot users.

Preferably, (e) includes calculating, as a score indicating
a likelihood of co-occurrence of each keyword and the
object entity in the sets of messages sent by the hot users, a
value obtained by dividing a ratio of the number of hot users
who sent messages including the object entity and the
keyword to the total number of users who sent messages
including the object entity and the keyword by a ratio of the
number of hot users who sent messages including the object
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entity to the total number of users who sent messages
including the object entity. Alternatively, (e) may include
calculating, as a score indicating a likelihood of co-occur-
rence of each keyword and the object entity in the sets of
messages sent by the hot users, pointwise mutual informa-
tion about an event where a user who mentioned the object
entity also mentioned the keyword and an event where a user
who mentioned the object entity is a hot user.

More preferably, in (f), the score calculated for each
keyword is compared with a second threshold value to
determine whether the keyword is either positive or negative
training data for the object entity.

Preferably, in (f), for each message including the object
entity acquired in the (a), if a sum of scores of respective
keywords included in the message is greater than a third
threshold value, the message is determined to be positive
training data for the object entity, whereas if the sum is
smaller than a fourth threshold value, the message is deter-
mined to be negative training data for the object entity.

More preferably, in calculation of the sum, a weight is
assigned to the score of each keyword in accordance with a
frequency of concurrent occurrence of the keyword and the
object entity.

Still more preferably, as the frequency of concurrent
occurrence of the keyword and the object entity, the number
of users who sent messages including the keyword and the
object entity is used.

Preferably, (b) includes further organizing the acquired
messages by period and acquiring sets of messages, the sets
each containing messages sent by each user in each period;
and (c) includes identifying, from the acquired sets of
messages organized by user and period, a message including
different entities contained in the set of entities, the different
entities being greater than or equal to a fifth threshold value
(positive integer greater than one) in number, and identify-
ing a user who sent the identified message as a hot user in
the period in which the message was sent.

More preferably, (e) includes calculating, as a score
indicating a likelihood of co-occurrence of each keyword
and the object entity in the sets of messages sent by the hot
users, a value obtained by dividing a ratio of the number of
hot users who sent messages including the object entity and
the keyword in all periods included in a predetermined
period to the total number of users who sent messages
including the object entity and the keyword in the predeter-
mined period by a ratio of the number of hot users who sent
messages including the object entity in all periods included
in the predetermined period to the total number of users who
sent messages including the object entity in the predeter-
mined period. Alternatively, (e) may include calculating, as
a score indicating a likelihood of co-occurrence of each
keyword and the object entity in the sets of messages sent by
the hot users, pointwise mutual information about an event
where a user who mentioned the object entity in a prede-
termined period also mentioned the keyword in the prede-
termined period and an event where a user who mentioned
the object entity in the predetermined period is a hot user.

The present invention has been described as a method for
generating training data for disambiguation of an object
entity. The present invention may also be considered as a
training data generating program for causing a computer to
execute each operation of the method for generating training
data, and as a training data generating system implemented
by installing the training data generating program on a
computer.

In the method configured as described above for gener-
ating training data for disambiguation, a user who frequently
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sends messages about a topic to be analyzed is identified as
a hot user, and a likelihood of co-occurrence of each
keyword and an object entity in sets of messages sent by hot
users is calculated. On the basis of the calculated likelihood
of co-occurrence, training data for disambiguation of the
object entity is determined. In the present invention, training
data is thus generated by using sets of messages sent by hot
users. This requires no external knowledge and can cover
information about entities which are generally unknown.
Other advantageous effects of the present invention can be
understood from the description of embodiments.

Embodiments for carrying out the present invention will
now be described in detail on the basis of the drawings, but
the following embodiments do not limit the invention set
forth in the scope of claims. Also, not all combinations of
features described in the embodiments are essential to the
solving means of the invention. Throughout the description
of the embodiments, the same elements are given the same
reference numerals.

FIG. 1 illustrates a hardware configuration of a computer
100 for implementing the present invention. The computer
100 includes a CPU 102 and a main memory 104, which are
connected to a bus 106. The CPU 102 is preferably based on
a 32-bit or 64-bit architecture. The CPU 102 may be, for
example, a Core (trademark) i-series, Core (trademark) 2
series, Atom (trademark) series, Xeon (registered trade-
mark) series, Pentium (registered trademark) series, or Cel-
eron (registered trademark) series processor from Intel Cor-
poration; an A-series, Phenom (trademark) series, Athlon
(trademark) series, Turion (trademark) series, or Sempron
(trademark) processor from Advanced Micro Devices
(AMD) Inc.; or a Power (trademark) series processor from
International Business Machines Corporation.

A display 110, such as a liquid crystal display (LCD), can
be connected via a display controller 108 to the bus 106. The
liquid crystal display may be, for example, a touch panel
display or a floating touch display. The display 110 can be
used to display, via an appropriate graphical interface,
information (e.g., training data) that can be displayed by
operation of software (e.g., computer program according to
the present embodiment) running on the computer 100.

A storage device 114, such as a hard disk drive (HDD),
and a drive 116, such as a CD, DVD, or BD drive, can be
optionally connected to the bus 106, for example, via an
SATA or IDE controller 112.

A keyboard 120 and a mouse 122 can be optionally
connected to the bus 106 via a peripheral controller 118,
such as a keyboard/mouse controller or a USB bus.

The storage device 114 can store an operating system,
such as Windows (registered trademark) OS, UNIX (regis-
tered trademark), or Mac OS (registered trademark); the
computer program according to the present embodiment and
other programs; and data, in such a manner that they can be
loaded into the main memory 104.

The storage device 114 may be included in the computer
100, may be connected via a cable to the computer 100 such
that the storage device 114 can be accessed by the computer
100, or may be connected via a wired or wireless network to
the computer 100 such that the storage device 114 can be
accessed by the computer 100.

The drive 116 can be used to install a computer program,
such as an operating system or an application, from a
CD-ROM, DVD-ROM, or BD 117, onto the storage device
114 as necessary. The computer program may be com-
pressed, or may be divided into a plurality of pieces and
stored in a plurality of media.
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A communication interface 126 complies with, for
example, the Ethernet (registered trademark) protocol. The
communication interface 126 is connected via a communi-
cation controller 124 to the bus 106, and allows wired or
wireless connection of the computer 100 to a communica-
tion line 128. The communication interface 126 provides a
network interface layer for the TCP/IP communication pro-
tocol for the communication function of the operating sys-
tem in the computer 100. The communication line 128 may
be, for example, a wired LAN environment based on a wired
LAN connection standard or a wireless LAN environment
based on a wireless LAN connection standard. Examples of
the wireless LAN environment include a Wi-Fi wireless
LAN environment, such as IEEE802.11a/b/g/n, and a mobile
phone network environment (e.g., 3G or 4G (including LTE)
environment).

The computer 100 can receive data from other computers
via the communication line 128 and store the received data
in the storage device 114.

From the above description, it can be easily understood
that the computer 100 can be implemented by an informa-
tion processing apparatus, such as a typical personal com-
puter, a workstation, or a mainframe, or by a combination of
these devices. Note that components described above are
merely examples, and not all the components are essential to
the present invention. Also, it is obvious that the computer
100 for implementing the present invention may include
components such as a speaker and others.

FIG. 2 is a functional block diagram of a training data
generating system 200 according to the present embodiment.
By using a set of entities for a topic to be analyzed as an
input, the training data generating system 200 discovers
users who frequently send messages about the topic to be
analyzed, identifies keywords which are likely or unlikely to
co-occur with an object entity in a set of messages sent by
the users, and thus automatically acquires training data for
the object entity. The training data generating system 200
includes an entity set storage unit 202, a message acquiring
unit 204, a message storage unit 206, an organizing unit 208,
a hot user identifying unit 210, an instruction receiving unit
212, a score calculating unit 214, and a training data
determining unit 216. The entity set storage unit 202 and the
message storage unit 206 may be physically either a single
storage unit or a plurality of storage units. Each component
of the training data generating system 200 will now be
described.

The entity set storage unit 202 stores a set of entities
which are words or word strings related to a topic to be
analyzed. For example, if the topic to be analyzed is “Tokyo
motor show 20137, the names of exhibitors and cars on
display may be set as entities in the set of entities, by
reference to event websites and guide books. If the topic to
be analyzed is “Kyoto”, sightseeing spots, such as Kiyo-
mizu-dera, Kinkaku-ji, and Kamo River, may be set as
entities in the set of entities by reference to guide books. The
set of entities may be manually created, or may be created
using an existing search query extension method or the like.
To simplify the following explanation, an entity set for a
topic to be analyzed will be indicated by a symbol E, and an
entity which is an element of the entity set E will be
indicated by a symbol e (e €E).

The message acquiring unit 204 reads an entity set E from
the entity set storage unit 202, and acquires messages sent by
users and each including at least one of entities e contained
in the entity set E. Preferably, the message acquiring unit
204 acquires messages sent within a predetermined period
by users and each including at least one of entities e
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contained in the entity set E. Messages acquired by the
message acquiring unit 204 are preferably real-time mes-
sages sent via a social media tool, such as microblogging,
but are not limited thereto. Messages acquired by the mes-
sage acquiring unit 204 may be other information, such as
traditional blog articles, sent by users.

The message acquiring unit 204 may acquire messages by
using an API provided by each service, or may acquire
messages directly from service providers. The message
acquiring unit 204 may acquire authorized messages by
using a web crawler. As additional information, messages
each contain metadata, including user information for iden-
tifying a message sender and time information indicating the
time when the message was sent. If no metadata exists and
user information is included in message text in a predeter-
mined format, the message acquiring unit 204 may extract
the user information from the message text using string
matching in accordance with the predetermined format. The
message acquiring unit 204 stores the acquired messages in
the message storage unit 206.

The organizing unit 208 reads messages from the message
storage unit 206, organizes the read messages by user on the
basis of metadata, and creates a message set for each user.
Preferably, the organizing unit 208 further organizes mes-
sages in the message set for each user by period on the basis
of the metadata. Then, the organizing unit 208 performs a
morphological analysis of each message, and creates a set of
entities e included in the message and a set of keywords
which are any words or word strings included in the mes-
sage. To simplify the following explanation, a message
acquired by the message acquiring unit 204 is indicated by
a symbol m=(u E,,, W,,). The meaning of each symbol
is as follows:

U: a set of users who sent messages collected by the
message acquiring unit 204;

D;: a collection period Dy, D,, . . ., D, (DA[t,, t,+9),
t,,,=t,+3), where 8 is a parameter indicating the length of a
period;

u,,: a user who sent the message m (u,, €U);

t,: a time when the message m was sent (t,, €D,);

E,,: a set of entities included in the message m (E,, €E);
and

W, a set of keywords included in the message m.

The messages m organized by the organizing unit 208 are
stored in the message storage unit 206 again.

For a set of messages sent by each user u and stored in the
message storage unit 206, the hot user identifying unit 210
determines a set E(u, D,) of entities e included in a set of
messages sent in a period D, by the user u. Then, the hot user
identifying unit 210 identifies E(u, D,) in which the number
of different entities e is greater than or equal to a threshold
value 0 (0 is a positive integer greater than one), and
identifies the user u corresponding to the identified E(u, D,)
as a hot user. A hot user in the period D, is a user who
mentioned 6 or more entities e in the period D, and who
frequently sends messages about the topic to be analyzed. In
the following description, a hot user for a topic to be
analyzed in the period D, will be indicated by a symbol
U,,,{D,), which can be expressed as U, (D,)={ueU||E(u,
D,)Iz0}. Information about the hot user identified by the hot
user identifying unit 210 is passed to the score calculating
unit 214 (described below).

The instruction receiving unit 212 receives an instruction
from a user via an input device (e.g., the keyboard 120 or the
mouse 122 in FIG. 1) or by reading it from a storage device
(e.g., the storage device (HDD) 114 or the CD-ROM,
DVD-ROM, or BD 117 in FIG. 1). Of entities e contained

ms tms
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in an entity set E, an entity to be disambiguated (hereinafter
referred to as “object entity e,”) is indicated by the instruc-
tion. The instruction indicating the object entity e, may be
received from a remote computer via a communication
interface (e.g., the communication interface 126 in FIG. 1).
Information about the object entity e, received by the
instruction receiving unit 212 is passed to the score calcu-
lating unit 214 (described below).

The score calculating unit 214 calculates a P/N score,
PNscore(e,, w), indicating a likelihood of co-occurrence of
the object entity e, and each keyword w in messages sent by
hot users. Here, the keyword w is any word or word string
in messages including the object entity e, and acquired by
the message acquiring unit 204. The score calculating unit
214 calculates the P/N score for the following reason. That
is, the object entity e, occurring in messages sent by hot
users having a strong interest in the topic to be analyzed is
expected to be used in the context of the topic to be
analyzed. Therefore, a keyword w which is likely to co-
occur with the object entity e, in messages sent by hot users
can be used as positive training data for disambiguation of
the object entity e,. Conversely, a keyword w which is
unlikely to co-occur with the object entity e, can be used as
negative training data for disambiguation of the object entity
e,. In the present invention, a P/N score for each keyword w
is calculated as an index for determining the applicability of
the keyword w as positive training data and negative training
data for the object entity e,. A method for calculating
PNscore(e,, w) will now be described.

First, the score calculating unit 214 calculates, in the
following manner, a user set U(D,, e,) and a hot user set
U,odD;s €,) which are sets of users and hot users who sent
messages including the object entity e, in the period D;:

VD, )~{ueUIAm(t Er W) €Dy e 6 Er &
oDy~ €U0 (D) (141, W),

1,€D; e €E,,} @

The score calculating unit 214 divides the sum of the total
numbers of hot users in hot user sets, each represented by
U,odD;s €,) in equation (2), in all periods included in a
message collection period by the sum of the total numbers
of users in user sets, each represented by U(D,, e,)) in
equation (1), in all the periods included in the collection
period to calculate the ratio ratio, (e ) of the total number
otf'hot users who sent messages including the object entity e,
in all the periods to the total number of users who sent
messages including the object entity e, in all the periods:

®

The score calculating unit 214 also calculates, in the
following manner, a user set U(D,, e_, w) and a hot user set
U,,0dD;s €,, w) which are sets of users and hot users who sent
messages including the object entity e, and a keyword w in
the period D;:

1atiogo (€,)=Epi| Unod Dy €,)1/Z 51 UD; ,,)|

UD,e,w)y={ueUAm(u,t,, E, W,),
imeD; e €E,, "weW,,} 4
Unod Dy W)={€U,,0(Dy) Am(u 1, E,,, W,,),

imeD; e €E,, "weW,,} &)

The score calculating unit 214 divides the sum of the total
numbers of hot users in hot user sets, each represented by
U,.AD,, e,, W) in equation (5), in all the periods included in
the message collection period by the sum of the total
numbers of users in user sets, each represented by U(D,, e,
w) in equation (4), in all the periods included in the
collection period to calculate the ratio ratio, (e,, w) of the
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total number of hot users who sent messages including the
object entity e, and the keyword w in all the periods to the
total number of users who sent messages including the
object entity e, and the keyword w in all the periods:

1ati0gor(€0, W)=2p; | Uno Dy 0 W2 p| UD€, W) | (6)

Finally, the score calculating unit 214 uses ratio,,(e,)
represented by equation (3) and ratio,,,(e,, W) represented
by equation (6) to calculate, in the following manner, a score
PNscore(e,, w) indicating the likelihood of co-occurrence of
the object entity e, and the keyword w:

PNscore(e,, w)=ratioy, (e, w)/ratio, {e,)

M

The P/N score thus calculated is greater than one if the
keyword w is more likely to co-occur with the object entity
e, in messages sent by hot users, and is smaller than one if
the keyword w is less likely to co-occur with the object
entity e, in messages sent by hot users. The P/N score for
each keyword w calculated by the score calculating unit 214
is passed to the training data determining unit 216 (described
below).

The P/N score may be a score based on pointwise mutual
information (PMI). When x is an event where a user who
mentioned the object entity e, also mentioned the keyword
w and y is an event where a user who mentioned the object
entity e, is a hot user, the P/N score may be defined by the
following equation:

PNscore(e,, w)=PMI(x,y)=log(Pr(x,y)/Pr(x)Pr(y)) (®)

where

Pr(x)=Zp;| UMD, e, , W)/ Zp; | UMD, e, )| ()]

Pry)=2pilUpod Dy e )l Zpil UD; €,)] (10)

Prxy)=ZpilUpolDpe o W) Zp; | UDye,)1 an

The P/N score thus calculated is greater than zero if the
keyword w is more likely to co-occur with the object entity
e, in messages sent by hot users, and is smaller than zero if
the keyword w is less likely to co-occur with the object
entity e, in messages sent by hot users.

The P/N score will now be concretely described with
reference to FIGS. 3(a) and 3(5). In the example shown in
FIGS. 3(a) and 3(b), the topic to be analyzed is “Tokyo
motor show 2013” and the object entity e, to be disambigu-
ated is the word “Jaguar”. The word “Jaguar” is used in
multiple senses. For example, the word “Jaguar” may be
used in the context of feline mammals, or may be used in the
context of car brand names. Since the topic to be analyzed
is “Tokyo motor show 2013 here, the P/N score is expected
to be higher for a word which is more likely to co-occur with
the word “Jaguar” used in the context of car brand names,
and lower for a word which is less likely to co-occur with the
word “Jaguar” used in the context of car brand names.

FIG. 3(a) illustrates an inclusion relation between a set of
users U(e,) who sent messages including the word “Jaguar”,
a set of users U(e,, w) who sent messages including the word
“Jaguar” and the word “animal”, and a set of hot users
U,.e,) for the topic to be analyzed “Tokyo motor show
2013”. As illustrated in FIG. 3(a), only a few users in the set
of hot users U, ,(e,) sent messages including the word
“Jaguar” and the word “animal” (see region 300). Therefore,
the value of PNscore(e,, w) represented by the following
equation (12) is smaller than one, and the value of PNscore
(e,, w) represented by equation (8) is smaller than zero. This
shows that in messages sent by hot users, the word “animal”
is less likely to co-occur with the word “Jaguar”.
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[U(eo, W) () Unor(€o)l / |Unor(eo)l
|U(eo, W)l [U(eo)l

Expression 1
PNscore(e,, w) =

-(12)

In equation (12), a parameter indicating a period is omitted
to simplify the explanation. The P/N score represented by
equation (12) is smaller than one, and the P/N score repre-
sented by equation (8) is smaller than zero. This shows that
the word “animal” can be used as negative training data for
the word “Jaguar”.

FIG. 3(b) illustrates an inclusion relation between a set of
users U(e,) who sent messages including the word “Jaguar”,
a set of users U(e,, w) who sent messages including the word
“Jaguar” and the word “coupe”, and a set of hot users
U,.{e,) for the topic to be analyzed “Tokyo motor show
2013”. As illustrated in FIG. 3(b), many hot users sent
messages including the word “Jaguar” and the word “coupe”
(see region 302). Therefore, the value of PNscore(e,, W)
represented by equation (12) is greater than one, and the
value of PNscore(e,, w) represented by equation (8) is
greater than zero. This shows that in messages sent by hot
users, the word “coupe” is more likely to co-occur with the
word “Jaguar”. The large P/N score shows that the word
“coupe” can be used as positive training data for the word
“Jaguar”.

The training data determining unit 216 determines train-
ing data for the object entity e, on the basis of the P/N score
calculated by the score calculating unit 214. Specifically, if
the P/N score calculated for each keyword w is greater than
one in the case of using equation (7) or greater than zero in
the case of using equation (8), the training data determining
unit 216 can determine the keyword w as positive training
data for the object entity e,. Also, if the P/N score calculated
for each keyword w is smaller than one in the case of using
equation (7) or smaller than zero in the case of using
equation (8), the training data determining unit 216 can
determine the keyword w as negative training data for the
object entity e,.

Alternatively, the training data determining unit 216 may
determine positive and negative training data for each mes-
sage including the object entity e, acquired by the message
acquiring unit 204. Specifically, if the sum of P/N scores of
respective keywords w included in the message is greater
than a threshold value tp, the training data determining unit
216 may determine the message as positive training data for
the object entity e,. Also, if the sum of P/N scores described
above is smaller than a threshold value tn, the training data
determining unit 216 may determine the message as nega-
tive training data for the object entity e,.

Additionally, when calculating the sum of P/N scores of
respective keywords w for each message, the training data
determining unit 216 may assign a weight to the P/N score
of each keyword w in accordance with the frequency of
concurrent occurrence of the keyword w and the object
entity e, as in the following equation (13):

PNscore(e,, m) = Expression 2

Z PNscore(e,, w) X Weight(e,, w) — (13)

we Wy,

As in the following expression (14), the number of users
who sent messages including the keyword w and the object
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entity e, may be used as the frequency of concurrent
occurrence of the keyword w and the object entity e:

Weight(e,, w)*Zp, |U(D; e, ,w)l—(14) Expression 3

Information of the training data determined by the train-
ing data determining unit 216 is used to disambiguate the
object entity e,. A framework of existing supervised docu-
ment classification, such as a naive Bayes classifier or a
support vector machine, may be used to disambiguate the
object entity e,. These techniques are not described in detail
in the present specification, as they are known techniques
out of the scope of the present invention.

Information of the training data determined by the train-
ing data determining unit 216 may itself be used as a result
obtained by disambiguating the object entity e,. That is,
positive training data may be used as an entity related to the
topic to be analyzed, and negative training data may be used
as an entity not related to the topic to be analyzed.

A flow of training data generation carried out by the
training data generating system 200 according to the present
embodiment will now be described with reference to FIG. 4.
The process of training data generation starts at operation
S400. In operation S400, the message acquiring unit 204
refers to an entity set E stored in the entity set storage unit
202 and containing entities representing a topic to be ana-
lyzed, acquires messages sent within a predetermine period
and each including at least one entity e in the entity set E,
and stores the messages in the message storage unit 206.

Next, on the basis of metadata acquired with the mes-
sages, the organizing unit 208 organizes the messages
acquired by the message acquiring unit 204 by user u and
period D, (operation S402). Next, for a set of messages
corresponding to each user u and period D, organized by the
organizing unit 208, the hot user identifying unit 210 deter-
mines a set E(u, D,) of entities included in messages in the
set. Then, the hot user identifying unit 210 identifies, as a hot
user in a period D,, a user u corresponding to a message set
in which the number of included entities IE(u, D,)! is greater
than or equal to 6 (operation S404).

Next, the instruction receiving unit 212 receives an
instruction indicating an object entity e, from a user (opera-
tion S406). Then, the score calculating unit 214 calculates a
P/N score for each keyword w included in messages each
including the object entity e, (operation S408). The opera-
tion performed by the score calculating unit 214 will be
described in detail later on with reference to FIG. 5. Last, on
the basis of the P/N score calculated for each keyword w by
the score calculating unit 214, the training data determining
unit 216 determines positive and negative training data for
the object entity e, (operation S410). Then, the process ends.

A flow of score calculation done by the score calculating
unit 214 will now be described with reference to FIG. 5. The
process of score calculation starts at operation S500, where
the score calculating unit 214 calculates a set U(D,, e,) of
users who sent messages including the object entity e, in the
period D, and a set U, _(D,, e,) of hot users who sent
messages including the object entity e, in the period D,.

Next, the score calculating unit 214 calculates a set of
users U(D,, e,, w) who sent messages including the object
entity e, and the keyword w for which the P/N score is to be
calculated in the period D,, and also calculates a set of hot
users U, (D,, e,, w) who sent messages including the object
entity e, and the keyword w in the period D, (operation
S502).

Next, the score calculating unit 214 calculates a ratio
ratio, (e,) of the total number of hot users who sent
messages including the object entity e, in all periods to the
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total number of users who sent messages including the
object entity e, in all the periods (operation S504). Next, the
score calculating unit 214 calculates a ratio ratio,, (e, W) of
the total number of hot users who sent messages including
the object entity e, and the keyword w for which the P/N
score is to be calculated in all the periods to the total number
ofusers who sent messages including the object entity e, and
the keyword w in all the periods (operation S506).

Last, the score calculating unit 214 divides the value
ratio,(e,, w) determined in operation S506 by the value
ratio,,(e,) determined in operation S504 to obtain the P/N
score (ratio,,,(e,, w)/ratio, (e, )) for the keyword w (opera-
tion S508). Then the process ends.

An evaluation experiment for a P/N score proposed by the
present invention will now be described with reference to
FIG. 6. The content of the evaluation experiment to be
described with reference to FIG. 6 is as follows:

topic to be analyzed: Tokyo motor show 2013;

entity set E: 147 names of exhibitors and cars on display

are set by reference to event websites and guide books;
social media service: Twitter;

data collection period: Nov. 22, 2013 to Dec. 1, 2013 (10

days, same as the event period); and

parameters set by the proposed technique:

length of period 6=24 hours
threshold value 0 for hot user determination=3.

For calculation of the P/N score, the following noises
were eliminated from the collected data:

non-Japanese tweets;

retweets;

tweets containing external URLs; and

bot users.

Tweets containing external URLs were eliminated to
exclude advertisements. Messages containing URLs for
photo-sharing services and location-based services were not
eliminated, because they often include descriptions of user
experiences. Users who sent exactly the same message more
than once in the past were identified as bot users.

The table in FIG. 6 shows examples of keywords for the
object entity “Jaguar” and their P/N scores (calculated by
equation (7)). The field on the right side of the table shows
meanings of the object entity in actual messages. The table
in FIG. 6 shows that keywords having P/N scores greater
than one are used in the context of Tokyo motor show and
thus can be used as positive training data for the object entity
“Jaguar”. The table in FIG. 6 also shows that keywords
having P/N scores smaller than one are used in the context
of music or animals unrelated to Tokyo motor show and thus
can be used as negative training data for the object entity
“Jaguar”.

Although the present invention has been described using
the embodiments, the technical scope of the present inven-
tion is not limited to the scope described in the embodi-
ments. It is apparent to those skilled in the art that various
modifications or improvements can be made to the embodi-
ments described above. Therefore, it is obvious that such
modified or improved embodiments may also be included in
the technical scope of the present invention.

It should be noted that the order of execution of process-
ing, such as operations, procedures, steps, and stages, in the
apparatus, system, program, and method described in the
scope of claims, description, and drawings is not specified
with such terms as “before” and “prior to”, and that the
processing may be implemented in any order, unless the
output of previous processing is used in subsequent pro-
cessing. It should also be noted that even if the output of
previous processing is used in subsequent processing, it may

20

25

30

40

45

50

60

65

14

be possible to add other processing between the previous
processing and the subsequent processing, or even if other
processing is described as being added therebetween, it may
still be possible to perform the previous processing imme-
diately before the subsequent processing. Even if terms such
as “first”, “next”, and “subsequently” may be used for
convenience in the scope of claims, description, and opera-
tion flows in the drawings, this does not necessarily mean
that it is essential to implement the processing in this order.

The invention claimed is:

1. A nontransitory, computer readable storage medium
having computer readable instruction stored thereon that,
when executed by a computer, implement method for auto-
matically generating training data for disambiguation of an
entity in electronic messages, the entity comprising a word
or word string related to a topic to be analyzed, the method
comprising:

communicating, by a processor, with a message server via

an application programming interface of the message
server;

acquiring, in real-time, by the processor, from the mes-

sage server, a plurality of electronic messages each
including at least one entity from a set of entities related
to the topic to be analyzed;
identifying, by the processor, a user that sent each of the
electronic messages based on metadata of the respec-
tive electronic messages and associating the electronic
messages with respective sets from a plurality of sets of
messages, each of the sets containing electronic mes-
sages sent by a respective user;
identifying, by the processor, from the sets of messages,
a set of messages that includes a number of entities
greater than or equal to a first threshold value, the first
threshold value being a positive integer greater than
one in number, and identifying the user corresponding
to the identifies set of messages as a hot user;

receiving, by the processor, an instruction indicating an
object entity to be disambiguated, the object entity
being an entity from the set of entities, and disambigu-
ating the object entity comprises identifying a use of
the object entity in association with the topic to be
analyzed;
determining, by the processor, likelihood of co-occur-
rence of a keyword and the object entity in a single
electronic message from the set of messages sent by the
hot user, the keyword being one of a plurality of terms
included in the electronic messages that is sent by the
hot user and the includes the object entity; and

generating, by the processor, training data for the object
entity on the basis of the likelihood of co-occurrence of
the keyword and the object entity in a single electronic
message sent by the hot user, wherein the training data
identifies that co-occurrence of the keyword and the
object entity in a single electronic message is indicative
of a use of the object entity in relation to the topic to be
analyzed.

2. The storage medium of claim 1, wherein the method
further comprises:

computing a first ratio of a number of hot users that sent

electronic messages including the object entity and the
keyword, and a total number of users who sent elec-
tronic messages including the object entity and the
keyword;

computing a second ration of a number of hot users that

sent messages including the object entity to a total
number of users who sent messages including the
object entity; and
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computing a score indicating a likelihood of co-occur-
rence of of each keyword and the object entity in the
identified sets of messages sent by the hot users, by
dividing the first ratio by the second ratio.

3. The storage medium of claim 2, wherein, the score for
each keyword is compared with a second threshold value to
determine whether the keyword is either positive or negative
training data for the object entity.

4. The storage medium of claim 2, wherein, in response to
a sum of scores of all keywords from an electronic message
being greater than a third threshold value, the electronic
message is determined to be positive training data for the
object entity, and in response to the sum being smaller than
a fourth threshold value, the electronic message is deter-
mined to be negative training data for the object entity.

5. The storage medium of claim 4, wherein, a weight is
assigned to the score of each keyword in accordance with a
frequency of concurrent occurrence of the keyword and the
object entity.

6. The storage medium of claim 5, wherein the weight
corresponding to a keyword is the number of users that sent
electronic messages including the keyword and the object
entity.

7. The storage medium of claim 1, wherein the method
further comprises computing a score indicating a likelihood
of co-occurrence of each keyword and the object entity in
the sets of messages sent by the hot users, pointwise mutual
information about an event where a user who mentioned the
object entity also mentioned the keyword and an event
where a user who mentioned the object entity is a hot user.

8. The storage medium of claim 1, wherein the method
further comprises:

identifying, based on the metadata of the electronic mes-

sages, a sending period in which the messages are sent,
and associating each of the electronic messages with
respective sets of messages, wherein each of the sets
contains messages sent by a respective user in a respec-
tive period;

identifying, from the sets of messages, which organize the

messages according to the user and the sending period,
a message that includes a number of entities from the
set of entities, the number of entities being greater than
or equal to a fifth threshold value, wherein the fifth
threshold value is a positive integer greater than one in
number; and

designating the user that sent the message as the hot user

in the period in which the message was sent.

9. The storage medium of claim 8, wherein the method
further comprises:

computing a first ratio of a number of hot users that sent

electronic messages including the object entity and the
keyword in a predetermined period and a total number
of users who sent electronic messages including the
object entity and the keyword in the predetermined
period;

computing a second ratio of a number of hot users that

sent electronic messages including the object entity in
the predetermined period to a total number of users
who sent electronic messages including the object
entity in the predetermined period; and
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computing a score indicating a likelihood of co-occur-
rence of each keyword and the object entity in the
identified sets of messages sent by the hot users, by
dividing the first ratio by the second ratio.

10. The storage medium of claim 1, wherein the electronic
messages are social media messages.

11. The storage medium of claim 1, wherein the electronic
messages are microblogging messages.

12. The storage medium of claim 1, wherein the method
further comprises training a support vector machine using
the training data to filter the electronic messages that are
related to the topic to be analyzed.

13. The storage medium of claim 1, wherein the method
further comprises training a Bayesian classifier using the
training data to filter the electronic messages that are related
to the topic to be analyzed.

14. A system for generating training data for disambigu-
ation of an entity comprising a word or word string related
to a topic to be analyzed, comprising:

a processing device configured to:

acquire, in real time, a plurality of messages from a

message server via an application programming inter-
face of the message server, wherein each of the mes-
sages includes at least one entity from a set of entities
related to the topic to be analyzed;

identify a user that sent each of the messages based on a

metadata associated with the respective messages and
associating the messages with respective sets from a
plurality of sets of messages, each of the sets containing
messages sent by a respective user;

identify, from the plurality of sets of messages, a set of

messages that includes a number of entities that is
greater than or equal to a first threshold value, the first
threshold value being a positive integer greater than
one in number, and designate a user corresponding to
the identified set of messages as a hot user;

receive an instruction indicating an object entity to be

disambiguated, the object entity being an entity from
the set of entities, and disambiguating the object entity
comprises identifying a use of the object entity in
relation to the topic to be analyzed;

determine a likelihood of co-occurrence of each term

from the set of messages sent by the hot user and the
object entity in a single message based on the set of
messages sent by the hot user; and

generate training data for the object entity using the

likelihood of co-occurrence of each term and the object
entity in a single message, wherein the training data
identifies terms, the co-occurrence of which with the
object entity in a single electronic message, is indica-
tive of a use of the object entity in relation to the topic
to be analyzed.

15. The system of claim 14, wherein the electronic
messages are microblogging messages.

16. The system of claim 14, wherein the electronic
messages are social media messages.

17. The system of claim 14, wherein the processing device
is further configured to train a computerized supervised
learning model using the training data to filter the electronic
messages that are related to the topic to be analyzed.
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